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This fepDrt focuses on electronic fetal rnonitoring 
(EFM)--^a technology that was devaloped during the 
1960s and has rapidly spread Into uSe in clinical ob- 
stetrics. The report includes a review of the eKtansive 
pubUshed litefature on EFM and related subjects. It also 
contains original calculations concerning the technique's 
specijficity and sensitivity^ predictive value as a diagnostic 
test, and the financial costs aiiociated with its potential 
risks. 
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Foreword 



This report focuBeH on electronic fetal monitoring 
(EFM)— a technology that was developed during the 
i960s and has rapidiy spread into use in clinical ob- 
stetrics. The report includes a review of the extensive 
published literature on EPM and related subjectSj m 
well as original calculations concurriing the techniqut>'s 
specificity and sensitivity^ predictive value a^ a diagnostic 
test, and financial costs. 

Only recently have controlled clinical trials made it 
possible to try to answer questions about the benefits, 
rlskSj and costs of EFM, whose use is becoming increas- 
ingly controversiaL EFM U an interesting case study in 
view of the current policy dgbate concerning the evalua- 
ation and control of medical technology. Although EFM 
ii an important technique) it has even greater significance 
as an eKampIe of how little is known about many tech- 
nologies used in medical practice. For instance, there 
is not much information available on the costs and 
benefits of .EFM in a clinical setting, and research invest- 
ments in that area have been pitifully small. Because 
there are few fornml mechanisms for determining which 
medical technologies should be evaluated, almost any 
medical technology can be introduced into the health 
syitem for imrnediate purchase and use. With the lack 
of consunner and provider responsibility for the costs of 
medical technology, regulatory constraints have not been 
an effective mechanism for assuring that medical tech- 
nology is vvell-evaluated before it is placed on the market 

Although the results of this study are controversialj 
I believe that they are welUgrounded in the scientific 
literature, and that this report is a significant contribution 
to the liteimtura on medical technology. Because of the 



professional associations of the authors while the study 
was in jirogress, this report represents the result of coU 
laboration between three Federal health agencies: the 
National Center for Health Services Research, the Office 
of Technology Assessment, and the Center for Diseaic 
Control. We are happy to be associated with such an 
effort. 

Gerald Rosenthah Ph.D. 
Director 

National Center for Hualtli Services Research 
ApriU 1979 
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Introduetlon 



Elactronic fetal monitoring (EFM) is an obstetric tech^ 
nlque developed in the 1960s, Although it is available in 
virtually every delivary room in this country (1-4), its 
use as a medical procedure has become controversial 
Quenions about its efficacy, safety, and cost have been 
raised by women's groups, m recent newspaper articles 
(5-6), in U.S. Congressional hearings (7), and in the 
medical literature (8^9). The ethical implications of 
EFM also have been debated (lO), 

Today, EFM is done either externally^ using ultra- 
sound, internally by attaching electrodes directly to the 
fetus to rnonitor the electrocardiogram (EGG) , or by 
sequential use of both techniques prior to and after rup- 
ture of the amniotic sac. In internal monitoringi a cath- 
ater is used to monitor uterine contractions. While EFM 
technology was evolving in this country, fetal scalp blood 
(FSB) aamprmg (to determine the pH of the fetal blood) 
was being deveJoped simultaneously in Germany. It was 
not long before the two procedures were pairedj and FSB 
sampling has gradually become an integral part of EFM 
(1142). 

When first used, EFM was applied largely to high- 
risk pregnant women, and some continue to advocate its 
use primarily for that group (1344). Kowever, an in- 
creasing number of obstetricians favor EFM of all pa- 
tients in labor, and many institutions in this countn^ 
(1,15^21) and elsewhere (22-24) do EFM routinely. As 
would be expected in light of such rapid disseminationj 
surveys of physiclani in 1970 (25) and 1976 (26) have 
found a high degree of acceptance of the procedure^ 
■with the latter survey showing that 77 per cent of the 
physicians surveyed believe that all labors should hf^, 
monitored electronically. In the USSR, Doppler ultra- 



sound monitoring has aroused great interest (27), and 
in Germany 58 percent of the institutions surveyed in 
1971 tried to electronically monitor all patients in labor 
(28). 

However, the spread of EFM is part of the mcreasmg 
dependence on technology in medical practice. Questions 
about the use of new technology in obstetrics have been 
raised both by women^s groups and iome physicians 
(8,29^32) who point out that birth is a normal procesi. 

This paper examines the evidence concerning the 
efficacy and safety of EFM by reviewing the English- 
language literature and makes some caleulations on its 
cost. 
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Hillary of f^tal monitoring 



Biblical references may be found to fetal movements or 
signs of fetal distress in utero. In 1679, the passage of 
jnieconiuni was mentioned as a ''certain sign of death." 
Other books in the 1700s and 1800s merely identiried it 
as a warning sign. By the 1700s, signs of life or death of 
the unborn child were clearly described in midwifery 
textbooks (38). In 1793, it was noted that the pulse of 
the fetus could be felt in the presenting part— lieadj 
foot, or cord, 

DeKergaradec first described obstetric auscultation as 
a potentially important diagnostic tool in 1821 (33). He 
noted that by auscultation one could detect fetal life, liej 
and distress during labor, and he described fetal brady- 
cardia as a sign of distress (34). In 1838, Nagele asso- 
ciated head compression with bradycardia (35). Kennecly 
publislied his Observaiions on OhstetTic AtucuUathn in 
18433 ^vhich described the delay in recovery of the FHR 
after a contraction as a warning dgn (34), In l8S5j 
Preyer identified head cornpression, placental insufR- 
ciency^ and anoxia as causes of fetal bradycnrdia (35), 
In 1893, Von Winckle established criteria for the diag- 
iiosii of fetal distress: a FHR of >160 or <120 (34). 

Attempts to record the fetal heart tones were made 
by Peslalozxa in 1891, Seit5^ in 1903 and by Hofbauer 
and Weiss in 1908 (36). Strassnmn and Mussey re- 
ported succe.^s in recording fetal heart tones in 87 per 
cent of 52 patients in 1938 (29). Crerner used a vaginal 
electrode to obtain a fetal ECG tracing in 1906 (29). 

During the late in30s and 1940s an increasing nunibor 
of investigators began to take an interest in FHR moni- 
toring, and a great deal of work was done with riew- 
born rabbits (34) and with fetal lambs (34^35). In the 
post-World War II period, electronics developed rapidly, 
and an ultrasonic Doppler device was available by 1964, 
In fact, in 1974 Hehre stated that abdominal recording 
had not advanced in 25 years (37), 

In 1957, Hon first reported the successful racording 
of the fetal ECG for the abdomen (38). In 1959, Hon 
observed profound bradycardia on a dying fetus and 
also noted that nianipulation of the prolapsed cord caused 
cardiac irregularitiei and bradycardia (39). In i960, 
Hon described a clinical FHR monitor. However, a 
better method of recording was necessary. According to 
Hehrc (37) i Hon conceived the idea of an electrode to 
Q - through the cervix and clip to the fetal head to 
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mcord the ECO, made a prototype in hh home work- 
shop, and appeared in the delivery suite at 3:00 a, in, 
for the initial test. The electrode was successful (40) 
nnd becanie the basis for prusently used EFM devices. 
The major improvenient was a spiral electrode developed 
by Hon in 1972 (41), 

By 1969, EFM by ultrasound and by direct ECG 
inonitoring had begun to difruse rapidly (4) . Hon and 
Caldeyro-Barcia were the most active invesligatorSj de- 
f^cribing a variety of changes in the FHR and correlating 
thein with clinical states. Working independentlyj these 
two men devised difTerent schemes for interpreting FHR 
pattcriis. Because of the resulting confusion^ they agreed 
on a standard terminology in the 1970a (37), 

Haling had found FHR monitoring to be nonspecific^ 
and in 1961 he reported a technique for PSB sampling 
(42). In this technique, a scalpel is passed through the 
cervi^Cj and a small wound is made in the baby's scalp. 
A sample of blood is then collected in a capillary tube 
and arialy^cd for acid-base parameters. It is possible to 
dc? measurements such as glucose and electrolytes from 
scalp samples, but only pH, PO^, and PCOy are routinely 
done. Saling has demonstrated that pH alone provides as 
niuch information as the three tests together. FSB saiTi- 
pling has become widely accepted throughout the devel- 
op od world, and has remained essentially unchanged since. 

Today FHR monitoring is done either esternariy, using 
ultrasound, internally with ECGj or these two techniques 
are used sequentially in individual pregnancies prior to 
and after rupture of the amniotic sac. There exist no 
national figures on the use of EFM equipment. In par- 
ticulnr, there is no data on the relative use of these two 
modalities, Koh reported that 37,8 per cent of elec- 
tronicolly monitored patients in his institution are foU 
losvcd only externally, 11,2 per cent are only internally 
monitored, while both techniques are used in 51.0 per 
cent of,clelivcries (43). Quilligan reported that internal 
monitoring is probably more generally used (1). 

By 1972 an estimated lOOO EFM systerns were in use 
ill the United States, In a survey in 1976 of 360 pro- 
grams w4th residencies in obstertics, 278 of 279 respond- 
ents reported the use of EFM (2). We believe that the 
vast majority of obstetrics services now have EFM 
equipnient, and that over half of the labori are moni- 
tored electronically. 

Q 



Quality mi diagnoitlo information 



PHR monitoring 



Although the ultimate nieaiure of efficacy is improved 
patient outcome, such improvenient is often assumed for 
diagnostic procedures if the information obtained is re- 
liable and valid. Therefore, evaluating the efficiency of 
EFM includes considering the quality of die information 
obtained. Two indices are used: changes in FKR and 
changes in the pH of the FSB. 



The changes in the f HR with a uterine cQntractlon, 
generally referred to as periodic FHR changeSj have been 
eKtensively studied (17,34,43-46). Early bradycardia or 
''deceleration," which has been attributed to fetal head 
coiTipresiioni is a normal finding that occurs more or less 
siiuultaneously svith the development of the contraction. 
Late deceleration is slowing of the FHll that begins after 
the peali intensity of the uterine contraction and extends 
into the period between contractions. It is considered 
an abnorinaliiy caused by uteroplacental insufficiency. 
Another abnorinal FHR pattern, variable deceleration^ 
occurs cut of phase with the contractions, and is con» 
sidered to be due to umbilical cord compression (46). 
Both late and variable decelerationi often can be elinii« 
nated by changes in position, maternal oxygan therapya 
or cessation of oKytocin, which by itself can produce 
abnorinal FHR patterns (47-48). Either can be ominous 
if they persist. There a normal fluctuation of FHR 
during labor and loss of these beat-to-baat (47) varia- 
tions can signal danger to the fetuSj as can cardiac ar- 
rhythmias^ Putting these abnormalities together, Beard 
classified nine abnormal states. Extensive work with ani- 
mals, with dying fetuies, and with fetuses with crinical 
fetal distress confirms that these patterns are often indica- 
tive of fetal distress (50). Gabert and Stenchever found 
that variable or late decelerations appeared in 38 to 
42 per cent of high-risk labors (51), 

Monitoring by auscultation provides only a small part 
of the information on fetal status that is available 
through other methods (1,16,19,34,37,46,52-54). For 
amplej Kelly and Kulharni state that traditional monU 
toring samples only I to 2 per cent of the information 
on fetal status and uterine efficiency (55). Moreoverj a 
large collaborative study showed that FHR alterations 
detected by auscultation were only clearly indicative of 
serious difficulty at the extremes (56). Strong agreement 
has been docuniented between auscultation and EFM 
for severe variable decelerations, the most ominous find- 
ing (57) . However, agreement was not good for less 
serious patterns, and beat-to-beat variability and late 
decelerations could not be determined by auscultation. 
Because of these facts, EFM is often considered to be 
superior to auscultation* At the same timCj thera are 
those that feel that even late decelerations can be detected 
with the fetoscope (58), but not reliably (59). Yet, th^ 
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actual value of thisacldcd infonnatioti rmist be cvaluatecL 
The most roliabk; and valid method of following the 
FHR is by internal jnonitoring of the fetal EGG (53). 
The mother's ECO J5 soiuutinicH pickud up, espcrially 
if the fetus dies iiai^spectudly (60^61), Externnl iiioni- 
toring by Dajspler ultrasound is not as reliable (17, 62- 
63), Women who areobescs uncDinfortnble, or vKpi^rmm- 
ing a crisis are often dimcult to inonitor externally, and 
thus the technique often fails just when the data are 
pmumed to be mast nc^edcd. This difHcuIty with uKternal 
monitoring has prompted the shift to the internal monw 
tor. Likewise, phonocardiogra{3hy cannot compare to 
internal nionitoring of the fetal EGG in either reliability 
or validity (45). 

The validUy of EFM \\m been studied by coniparing it 
to the Infant's A.pgar seore at birth. The Apgar score 
is probably the mcsc accurate routinely availably lueasurc 
of newborn status, but does have problems of validity. 
At the e?«tretnG, with sem es of 0 or 1 , it predicts death or 
morbidity quite well- However, in the iniddle ranges, 
from 5-^7, it is not such a valid measure (64). Apgar 
scores have also been corn;lated with cliiiieaily diai^noHod 
fetal asphyxia, but asphyxia does not necessarily lead to 
a low Api^ar score. In one study only 40 pur cunt of the 
fetuses with rnodcratu asphyxia had low Api^av scores 
at birth, although 80 per cent of those witli severe 
asphyxia had a losv^ Apgar score (65), At the same time, 
clinical decisions inust be made on the best measures 
available, and the evahiative literature of EFM depends 
heavily on the Apgar score. 

Using Apgar scares to predict the outcome, EFM is 
not a precise nieasure of fetal distress (66). In a study 
of 749 deliveries, Gabert and Stenchevcr found 8J per 
cent false negatives (normal FHR tracing with A|5gar 
<6) and 33.7 per cent false positives (abnorinal FHR 
tracing with Apgar ^6) {51). The former gives one a 
falsa sense of reassurance, whereas the latter could lead 
to inappropriate interference with the labor, especially 
cesarean section. Sdiifriri and Dame luade similar ob^ 
servations, finding that a normal FHR pattern predirted 
a high Apgar score with 93 per cent accuracy, but that 
the abnormal pattern was nmch less specific, predicting 
with only 43 per cent accuracy with the one minute 
Apgar and only 20 per cent accuracy with the five minute 
Q ' pgar (66). They concluded, . . it appears that the 



major value of FHR monitoring lies in the prediction of 
an a|)parently nonual neonate regardless of the level of 
his heart rate.'' 0'Gurecl< et al reported numbers of m= 
fants horn depressed with difTerent FHR patterns; their 
figures show a clear lack of specificity (67). Saldana and 
his colleagues found that less than 50 per cent of fetuses 
manifesting variable deceleration evidenced any clinical 
correlates, and that deceleration was aJso nonspecific 
(6B), Shenker reported that 68 per cent of the babies 
witli late deceleration were born without signs of depres- 
siou (69) . Thomas found that only half the fetuses with 
late deceleration had other signs of compromise (70). 
Finally, Goodlin found that deceleration patterns alone 
led to diagnoses of fetal distress in 4.5 times as many 
infants as were subsequently confirmed by overall clini- 
cal evaluation and Apgar score (71). 



FSB pH monitoring 



Fetal distrm can nho be drfinecl by changes in the FSB 
pH, althoLiMh dunning tho nornuil rani^e fur FSB pH lias 
proven difficult. ApproaclieH have includud lookiiiK 
the pll detenninatiom nf normal and abnnrmal hahirs 
as denned by Apgar ^rom^, EFM pailems, and • anital 
stalu^. IVelve studies svun' reviesvud by laindey et al^ 
who found that the Inwr llniit of nonnal svas usually 
a pH of 7.22 to 7.27, but that one study had a nornuil 
as low as 7.15. TheHe investigators suggested 7,23 as the 
cut-ofT i^oint (72). Haling carried out the largest studies, 
and found nonnal infants with FSB pM valutas as low as 
7.21 (52). By using two slandard deviations from the 
mean to define liniits of norniality, Saling's gnuip sug^ 
gested that 7.20 to 7.24 be uonsidured as pre^pulhologiCj 
and below 7.20 as deiinitcly patluilogie (73). 

Studies show that tliu FSH pH accurately refbets the 
acid^basc balance of thv fetus (32 jl). Haling rorupart^d 
capillary and nnibilieal cord blood pH, and found a low 
incidence of error, which he stated could lead to un^ 
necessary operative interference in 2.2 per cent of infants 
(52). He also eondudnd that capillary blood gave reli- 
able inforrnation nbout the acid-base balance of the fcUis. 
On the other hand, other investigators found VSTl sam- 
pling to be less reliable, and that a fetus widi a nonnal 
FSB pH had a 1 in 7 chance of being misdiagnosed as 
acidodc (75). In addition, technical problerns with FSB 
sampling due to inatcrnal position, drugs such as oxy- 
tocin, peripheral vasoconstriction in Uic fetuSs scalp 
edema and mechatiical errors can produce pl l alterations 
(65,76^77). 

FSB pH has also been correlated with Apgar score. 
The rates of Mse negatives ( normal pH widi low Apgar) 
vary from 6 per cent (78) to nearly 50 per cent (54) , but 
usually range from 10 per rent to 25 per cent (Table I ). 
At the same tiiTiej false positives (abnonnal pH with 
nonnal Apgars), are found in much greater niunbcrs, 
ranging as high as 84,6 per cent (81), and usually 
found in 20 per cent to 50 per cent of FSB pH readings 
(Table 1) . Sinular FSB pH readings arc found in fetuses 
widi and without distress with signihcant overiaj) (Bl, 
83). RouK et al observed five fetuses who had a nonnal 
FSB pFI shortly before birth but were depressed (B4)» 
Caldeyro-Barcia found a lower OKygen .saturation with 
type II dips in the FHR record (late decelerations), but 
the ranges ovyrlapped considerably (85). 



Ins estimators have found poor correlation between 
FSB j)Fl and FHR patterns except in normals and the 
severely hyporac fetus (86). Another group found that 
only 23 jier cent of variable decL4erations and 34 per cent 
of delayed decelerntion patterns were associated with a FSB 
pll 1^7.25 (87). These investigaton concluded that the 
ruajor value of FFIK monitoring was to identify the un- 
stressed normal feuts or the fetus in severe distresSj since 
there was less than a 10 per cent chance of abnormal 
FSB 1)11 svith a normal FHR tracing. They also notedj 
"When fetal pH determinations are not availablej a large 
number of records would be read incorrecdy and a high 
cesarean section rate could be expected.'" This lack of 
correlation bet%%ecn FSB sampling and FHR patterns 
as well as the lack of diagnostic precision of both EFM 
and FSB pH is in jmn due to a wide variety of termi- 
nologies and techniques (12517,47), and the inconsistent 
timing of FSB sampling relative to delivery. 



EFM oomblntd with FSB sampling 



The lack of sensitivity and specificity* of both tests has 
led to their mora frequent use together. Beard examined 
the results of using both EFM and FSB pH in this 
mannar in 270 high'^risk patients. Of the 68 of thDso 
patients who had low Apgar scorei (<") biitiij 46 
had perfectly normal FHR tracings and nomial FSB 
pH sampling, and only 22 of the 68 were abnonnal on 
both tests. Seventeen patients were abnornml on both 
tests but had normal Apgar scores at birth. Therefore, 
even when used together the tests are imprecise witli 
44 per cent false positives and 19 per ct nt false negatives 
(50). 

In summary^ results reported largely using Apgar score 
as the validation for test results show that 'both FHR 
recording and FSB samplings used separately and together, 
have alarming rates of false positives and false negatives 
even in the most skilled hands. Many authors have 
reported correlations of abnormal FHR patterm (such 
as late decelerations) and low Apgar scores (89) , clinical 
status at birth with pH (90), and so oiu But it should 
be noted that few of the authors whose figures are quoted 
HIcrijcg {Kg low sensitivity and ^ppci^rity nf tliis nrnre- 
dure to question the value of these techniques, Hosvrver, 
other Investigators e?cplicitly recogni^^e thn diagnostic 
inaccuracy of FHR monitoring (71,91) and the higli 
false^positivc rate (92). The physiologic basis for FHR 
changes is not known (93), 

* Seniitivity is the extent to which fetuses that are abnonnal 
are correctly classified. Specificity is the cxtont to which normali 
are correctly classified. 
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Predietlve value 



6 The predictive value (PV) of a diagnostic procedure such 

as EFM relates sensitivity and specificity to tiic occur- 
rence of the disease or condition in the populntion studied 
(94). The PV of a positive test is the percentage of 
the time that a positive test denote a true abnormality. 
Similarly, the PV of a negative test is the percentage of 
the time that a negative test will detect a person svho is 
actually unaffected by the disease or condition. 

Table 2 displays a variety of prcclictise s^alues over a 
range of sensitivities and spccificilies. The three prrva- 
lence rates iisted for detnonstration represent current esti- 
mates of neonatal inortality (10^20/1000 live births) 
and 5 minute Apgar scores less than 7 (about 5 per ctMit) 
(21,51,95). 

Assuming that the sensitivity of EFM is RO per cent 
and the specificity is 90 percent (Table 2), the PV of a 
negative or normal test is 99.5 per cent. This suggests 
that a normal tracing very accurately predicts a favorable 
outCQiTie in the infant. However, slicIi a conchision re- 
flects the low prevalence of the disease rather than the 
quality of the test as a diagnostic tooh The PV of the 
normal test would remain over 99 i)er cent even if the 
specificity were as low as 50 per cent. 

Assuming relatively higli rates of sensitivity of 80 per 
cent and specificity of 90 per cent, the PV of a positive 
or abnormal test is only 14,0 per cent. This indicates 
that an abnormal EFM pattern incorrectly predicts out^ 
come 86 percent of the time. Finally, if the neonatal 
mortality were to decrease to 10/1000, the PV of an 
nhnniuuu tracing and the utility of EFXt would also 
decline. 

Even if neonatal asphyxia were to cause a preventable 
disability in 5 per cent of infants, aiid all of these could 
be detected by EFM, the PV of an abnormal test would 
still be only 50 percent, nieaning that half of abnormal 
tests would provoke inappropriate anxiety or unnecessary 
intervention. When trying to predict an uncommon event 
like neonatal mortality, the large number of false positives 
found with EFM limits its clinical application. A diagnos* 
tic tool must be very specific (>99 more (T). The im- 
pact on EFM on CSR is difficult to evaluate. 

One type of institutional report found the EFM grouji 
to have a consistently higher CSR than the auscultated 
group (20-21,55jl09411), For eKample, Paul reported 
7 per cent of deliveries ending in cesarean sections in 
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tlie auscultated group» widi 16 percent ending in cesarean 
sections in the EFM group (20) . Anoi;har type of report 
has shown doubling of tlie GSR after the introduction 
of EFM (15,26,43,47,112416). A typical result is re- 
ported by Koh and his colleagueSj who found a CSR 
of 6,4 per cent in 1971 and 12.5 per cent in 1973 (43), 
These rises are steady and do not generally level ofT by 
the time of the report. 

Two institutions in Britain reported decreases in the 
CSR after the introduction of EFM (116^117). Beard 
and his cosvorkcrSj for example, foutid a decrease from 
9 percent in 1972 to 53 per cent in 1974, and reported 
that this was due to the addition of FSB sampling to 
EFM, a technique that the aiithor felt avoided incorrect 
diagnosis of fetal distruss, thereby avoicling unnecessary 
cesarean sections (116), In Cicnnany, Saling reported no 
change in CSR after the introduction of FSB (52). 

Howeverj before-and-after studies sucli as those cited 
above fail to account for secular trendH that might eKplain 
the rise of CSR independently of EFM, In addition^ theic 
results are complicated by the fact that higli-risk preg- 
nancies are inoa^ Hkely to end in cesarean section and are 
also niore likely to result in inci'eascd perinatal morbidity 
and mortality. 

Perhaps the iiiost inipresslve result svas obtained in 
two randomised, controlled, clinical iriaU (RCTs) from 
Colorado. In the firit study, one higli-risk group was 
monitored by auscultation and had a CSR of 6,6 per 
cent, and the other was inonitored electronically and 
had a rate of 16. 5 per cent (sec below) (1 IS), h second 
RCT assigned 690 high-risk women to one of three 
study groups: auscultatad, EFM, and EFM with FSB 
sampling (102). Once again^ the route of delivery was 
significantly difTerent in the three groups: 6 per cent of 
the auscultated group was derivercd by cesarean sectionj 
whereas 16 percent of the EFM and 12 per cent of the 
EFM and FSB sanipied had a cesarean section. Thus, 
FSB sampling did apparently prevcrit some unneceisaty 
cesarean sections^ but the combinod procedure was still 
asHociated with a clonbling of the CSR. Two other RCTs 
also showed more than a doubling of the CSR in the 
EFM group compared to the auscultated group {\19-- 
120), 

Despite these resultSj EFM is not entirely responsible 
for the increase in cesarean sections. Indications for 



cesarean section sueh as breech presentation have been 
liberalised markadly in the past decade. Hughey attempted 
to analyze one inuitution's experience and found that 
the rise from 5,5 per cent in 1969 to 10.8 per cent in 
1975 was largely diia to breech deliveries and to the 
diagnosis ot dystociaj wnicn incrtaseu nani tu y^i iv/u^^ 
deliveries to 31 per lOOO. Only 18 per cent of primary 
cesarean sections at most %vare found attributable to the 
diagnosis of fetal distress (121). Paul and Hon found a 
decrease in cesarean sections for fetal distress after intro- 
duction of EFM, although the overall CSR increased 
(25). Haddad and Lundy, on the other hand, recorded 
a striking increase in primary cesarean section for cepha- 
lopelvic disproportion (CPD) (2-fold), breech (SO^fold), 
as well as fetal distress (70^fold). In that hospital, CPD 
was the indication for nearly 50 per cent of the cesarean 
sections, while fatal distress was the second niost frequent 
indication (17 per cant) (99). Similarly, other investi- 
gators have found fetal distress and breech presentations 
to be the primary causes of increased nuriibers of 
cesarean section in their institution (21,55,122-126). An 
RCT detemiined that 60 per cent of the increase in 
cesarean sections ^vith EFM wns due to the diagnosis of 
fetal distress (127) » 

The compleK catmes for the rise in CSR have been 
discussed in a recent rapoft (127), These causes include 
CPD, breech, fetal distress, repeat cesarean section, alter- 
ations in residency training progfaTUs, the more interven- 
tionistic stance of the obstetrie comniimity, and the fi- 
nancial incentives which may encourage cesarean sections. 
The reported increase in the diagnosis of CPD as an 
indication for cesarean section is difficult to explain. 
Using specific criteria, OT)riscoll et al found that CPD 
gccnrred in about 2 per cent of lOOO primigravid lahoi^ 



(128). Yet, in many reports CPD is the primary causa 
of cesarean section and is the primary indication for 
^ to of the operative procedures. Fetal distress, on 
the other hand, whila increasing markedly as an indica- 
tion, accounts for only about 1/6 of the primary indica- 
tions for cesarean section ? Nevertheless, data from the 
RCTs (102,118420) suggest that half of the rise in the 
CSR could be attributed to EFM and, thereby, one 
would assume fetal distress. This inconsistency could be 
explained by a change in attitude of the obstetrician to- 
wards the delivery with the increased mechanimtion asso- 
ciated with EFM (1294.30). 
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Impact on outaomts 



Preventable stillbirths and neonatal deaths. The use 

of EFM is based on tht! suppositiori that diagnosing fuia! 
distress and intervening aggrosively can make a significant 
difTerence in perinatal mortality and morbidity. This 
seqtion examines causes of stillbirth and neonatal death 
to determine if iome deaths are preventable. 

High risk. Since most prugnancics have ii favorable 
outconne, high-risk pregnane ius are routinc^ly singled out 
for special care. Cfoodwin developed a high-risk scoring 
system which included obstetric history, prcHont prcg- 
naney, and gestational age as well as kno%vn risk fan- 
tors such as breech presentation and mcconiuni staining 
(l3l), Goodwin's score correlates with Apgar scores, 
but unexpected events often do occur ( 1 32) . Many other 
investigators have developed their own systums (11,17^ 
96jl20jl33-136)5 and report from 16 to 50 per cent of 
their patients as high-risk. Unfortunately, a significant 
proportion of perinatal deaths cannot be predicted hy 
a high-risk score. 

One study showed that 30 percent of patients ac- 
counted for 60 pur cent of abnonnal outconius (l!i7). 
This is consistent with findings that 18 per cent of 
patients classified as high-risk prenatally, were redas- 
sified as low-risk based on intrapartum factors^ while 
20 per cent initially classified as lo^v^risk wuro rt'classi- 
fied as high-risk based on intrapartum factors. The latter 
group suffered a 24.3 per cmi neonatal Jnorbidity and 
a perinatal mortality rate of 35 per IDOO (134). Fetal 
distress and abnormal FHR tracings during labor are 
more common among fetuses with intrauterine growth 
retardation, the small-for-gestational-age fetus (138- 
140). EFM is iuggested as routine for this group (Hl)^ 
%yhich suffers increased rates of death and illness; in 
particular, neurologic sequelae such as cerebral palsy, 
abnornial EEG, and learning difficulties ( 152) . Manage- 
inent of this group is difficult, and a high CSR is to be 
expected (140). At the sarne tinier early delivery by 
cesarean section frequenUy leads to resiiiratory distress 
syndrome (RDS) (140) (sec below). 

Baird and his co-workers examined the clinical rec- 
ords of more than 1000 stillbirths to determine the cause 
of death (143) and found, as others have (23), that 
prcniaturity is the major contributor to stillbirth; they 



concluded that skillful intervention could lessen risk in 
up to 46 per cent of the patients studied, Prematurity 
is also the major contributor to neonatal mortality 
(23,144-145). 

Other investigators have examined specific causes of 
I)eri natal mortality. A large collaborative study CKani- 
ined 83 fulUtenn stillbirths and found definite causes 
in 43^ few avoidable with EFM. The remaining 40 
deaths could not be explaincdj although 10 of these 40 
had fetal i)radycardi^ and 15 had fetal tachycardia 
(146). 

Alberman, in a stucly of causes of perinatal mortality 
among over 16,000 deaths, found the most common 
causes for stillbirth were intrapartum factors such as 
laborj cord complicationSj and placental coniplicationi 
(29.9 per cent), and antepartum factors such as 
placental infarction (24,2 per cent), congenital maU 
fonnation (21 per cent), and toxemia (9.6 per cent). 
Intrapartum factors included both acute fetal distress^ 
where prompt and efTectivc intervention can save the 
babyj and chronic fetal distress, where the outcome is 
generally not expected to be favorable. Intrapartum 
com plications were especially associated witli muitiparityj 
thus reducing parity through birth control has perhaps 
had the greatest effect. In the neonatal group, over 40 
per cent of deaths were related to immaturity; 28.2 per 
cent to intrapartum factors; 18 per cent to congenital 
malformations (147), The contribution of multiple 
causes to perinatal mortality found here and in other 
studies (148) underscores the fact that there is a lim- 
ited number of cases where intervention during labor 
and delivery could be expected to be helpful 

Infant and perinatal mortality* The moit frequently 
described outcome from EFM is a decrease in infant and 
perinatal mortality rates. Rates for the entire United 
States dropped from 29.2 per 1000 in 1950, to 20.0 in 
1970j and to an estimated 14.0 in 1977. Similarly^ the 
death rate of infants ^ 28 days of age has fallen from 
13.0 per 1000 in 1973 to an estimated 9.8 in 1977 (149- 
150). Perinatal mortality fell from 32,5 in 1950 to 20,1 
in 1973 ( 131 ), The neonatal ruortality rate in New Vork 
City fell from 20 in 1962 to 15 in 1971 (107). Reported 
deaths due to asphyxia of the newborn fell 23 per cent 
from 1976 to 1977 (149). 



A large*proportlQn of this fall In infant and perinatal 
mortality has been attributed to the introcluction of 
EFM {15^,2m47,5U87,108a 14^1 16,121.152453). 
Perinatal mortality rates typically have been reported 
as around 50 per 1000 until 1969, when the use of EFM 
became widaspread, and then progresiively falling to 
21 per lOOO in 1974 (20). PauU and Hon compared 
mortality rates among infants over 15O0g and found that 
the high-risk, EFM patients did slightly butter than the 
low^risk, non-EFM patients, but that the difference was 
not statistically significant (154). However, these re^ 
iulti are not completely consistent with those of other 
studies. Some investigators, tor example, have found 
either no difference or a slight rise in death rate during 
the period after introduction of EFM (43,113), 

These impressive results are subject, however, to a 
variety of questions. Increased attention at delivery by 
itself may improve noenatal morbidity and mortahty. 
The use of contraception and abortion, better nutrition, 
better prenatal and obitetrics care, and patient educa- 
tion (many of these made available because of increas- 
ing public funds) have led to fewer births, lower aver^ 
age parity, fewer very young and veiy uju piegaani 
women, and fewer infants xinder 250Og (8,18,04,107,121, 
155). Data from om study Rhowed a mnrked drop in 
neonatal and perinatal inortality prior to the introduc- 
tion of EFM with no significant change subsequent to 
the widespread use of EFM in that institution (99). 
Within obstetric practice itself, amniocentesis, broadened 
indications for cesarean section, better inanagerncnt of 
complications, impfoved anesthesia and resuscitation, 
use of the lecithin^sphingomyelin (L/S) ratio to deter^ 
mine fetal maturity, analysis of urinary estriols, and 
improved delivery technique have probably contributed 
to decreased mortality (15,2034,121) . 

In addition, the coniparability of populations and 
the relative quality of obstetric care are not explicitly 
described in these before-and''after itudies, and one must 
be concerned that an unequal diitribution of possible 
confounding factors such as precipitous deliveries tnight 
be reflected in neonatal morbidity and mortality figures. 
Interpretation of these results is complicated further by 
the fact that EFM often only involves high-risk pn- 
tlents and the dilf crential impact of EFM on high, and 
low^risk patients is not cleariy delineated. 
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A few reports break down the results by birth weight, 
to examine the coninion assertion that EFM is most 
useful in low birth weight babies. lu one study low birth 
weight accourited for 60 per cent of neonatal inortality, 
and the EFM fetuses in this group did better (154). Two 
other groups reported substantial falls in intrapartum 
stillbirth associated with EFM, hut these findings were 
inconclusive because of small sample size and lack of 
controls (22,156). Observations in Vermont supported a 
conclusion of possible benefit in the low birth weight 
group> Perinatal death rates from 1965 to 1975 were 
unchanged In that state in the over 2500g group, while 
falling significantly in that period in the lo>v birth 
weight group (157)^ 

It is recognized in the obstetric community that these 
results do not constitute scientific proof of benefit of 
EFM in reducing death (84,158^159), and that RCTs 
are necesHary to resolve the questions (1,18320324^44). 
Only four RCTs have been carried out to date. 

Tlio first RCT was performed in Colorado by Haver- 
karnp and his co^vorkers among 483 high-risk pregnant 
women (118). The patients were randomly assigned 
cither to an susrultatcd group or an EFM group (* 
sampling ^vas not done). Infants <1500g were ex- 
cluded from the 5tudy. Both groups were cared for by 
the same ^ obstetrical stafi^. The ausculated group had 
internal EFM done, but the results were not accessible 
to those caring for the padents. The pediatric house 
stafT deterniined Apgar scores. Neonatal mortality was 
noted, and infant tnofbidity during the first 72 hours 
was recorded. The records from the pediatric clinic 
were reviewed at six weeks. The tv\^o groups were very 
similar in outcomej but as mentioned above, the EFM 
group had a CSR of 16.3 per cent, coinpared %vith the 
CSR of 6.6 per cent In the ausculated group. 

The study conclusions have been criticized for several 
reasons. First, in early labor 16 late decelerations or 
severe variable decderations were observed in the EFM 
group, while only five were seen in the ausculated 
group! This raised the question of compaTability of the 
two groups, Secondly, the study design required rather 
close nurse.patient contact in the ausculated group. For 
this reason critics ha%'e felt that the outcomes may 
reflect niorc the intensity of nurse-patient rdatianship 
than the veiativc impact of ausculation ^ttsus EPM. 



Furthermore, the study was not a blind studyi so that 
investigator bias and the Hawthorne efTect* couki hava 
influenced the resuhs. Finally^ and perhaps most impor- 
tant, the findings were consistent with a sniall degree 
of benefit which might not be found in a clinical trial 
uf this siEe (see below). 

Haverkamp and his coworkers subsequently under- 
took a second trial among 690 women randomly placed 
into threa groups: ausculatedj EFM, and EFM with 
I'SB samplijig (see above) (102). In response to the 
criticism about the intensity of nursing care in the 
ausculated group during the previous trial, all women 
ver^ attended by individual study nurses. Fetal dis- 
tress was diagnosed by standard tcchniqueSj and in the 
I'SB-sampleci group, a pH value of ^7 was considered 
as an indication for imniediate delivery, Afiain^ tJic 
study was not blind. The three groups were quite sim- 
ilar in make- up by demographic characteristics and 
pregnancy status. The outcomes of the three groups, 
rneasured by a variety of techniques, were similar^ 
cjccept for an increased CSR in both EFM groups as 
noted prtiviously. 

A third clinical trial was done in Australia on 350 
high-risk patients randomly allQiCated to a control or 
*-iJit€nslve care" group. The control group was managed 
by ausculation, the intensive care group by EFM and 
FSB S4implirig- The two groups were siinilar by several 
measures of risk (120). The nuitiber of neurologic 
^lequelae was significantly higher in the control group 
(13 vs. 2) . Iiiadditionj the pH, PO2 and the PCO-: done 
at delivery on cord blood were significantly better in the 
intensive care group. However, perinatal rnortality and 
Apgar scores wore not significantly dilTerent butwcen 
the two groups, and there was a significant increase in 
the maternal infection rate in the study group. The 
CSR was 22,3 per cent in the sUJdy group and 13,7 
pm cent in the control group. However, six pavicnts in 
the study group had had previous cesarean section, 
And vvhen they were removed j the difTerence in CSR 
was not significantly diflTerent, 



* This rafirs to an improvement in outcome that ii indepfndeni 
of ihn nature cf 4 ipaeific intervention and is a product of con- 
Cernad observation* 



This study 5 done in a center where EFNl has been 
extensively inveHigatecij was not a blind study, and was 
subject to investigator bias as well as Hawthorne ^f» 
feet. Indeed, during the study one of the eight partici- 
pating obstetricians withdrew his patients becaus-e he 
felt it was unethical not to provide EFM. Moreovarj the 
fact that the study group had six patients who had had 
a previous cesarean section while the control group 
apparently had none raises tha question of conipara- 
bility of the two groups, Finally, there was a potential 
ascertainment bias in that FSB sampling was available 
to the control group only during regular laboratory 
hours (L ChalmerSj personal coniriiunication). 

Finally, an RCT done in England studied EFM in 504 
low-risk patients who were randoini?;ed into an auicuN 
tated group and an EFM with FSB sarripling group 
(119), The two groups were treated by thff iame ob*' 
stetric si^fT, There were no significant difTarence iri the 
two groups in outcome on a variety of measures^ How^ 
everj the GSR in the EFM group was mora than double 
that in the ausculated group. The authors concluded that 
there were no beneficial or hamful effecis as a direct 
rssult of the use of EFM. Like tha other three RCTs, 
this study was not done In a double blind fashionj and 
the sample sis^e was such that amail difterences in rates 
could Bot be detected. 

Consequently J the four controlled clinical trials have 
niethodologic problems and possibly conflicting conclu-^ 
sions as to the benefits and complications of EFM, It is 
noteworthy that all four RCTs shov^ed no benefit attrib- 
utable to EFM in terms of perinatal mortality. Nautra 
et al took another approachj retrospectively studying tha 
data from a group of 1 63529 live-^bom infants delivered 
at a large hospital over a leven-year period. They found 
that failure to use EFM increased the tiik o( neonatal 
death 1 ,4 timeSj but that use of EFM in the 24 par cant 
of labors with demonstrable risk factors wDuId avert 83 
per cent of the potentially preventable neonatal daathi 
(160), This finding of a small decrease in riik could bt 
consistent with the RCT findingi of no decfeasej since 
a result this sTnall would require a study of more than 
100,000 women to find a statistically significant differ- 
ence. In addition, the non-EFM patients in the Io\v-riik 
group had somewhat lower neonatal death ratei than did 
the EFM patientSj so the small decrease in nftortality (5 



babies that could have been iaved) found in this group 
could be an artifact of the model. The study doei give 
evidence oi somo benefit in tenm of mortality from WU 
In lelected patients. 

Jn rasponsB to these recent findings of little or no 
decrease in mortality from EFM, proponents have argued 
that the benefit is hard to evaluate because pennatal 
njortality is low (43,50). Supervision of active labor alone 
nilght reduce perinatal mortality rttes by only 2.8 per 
1000 live birthss whereas the management of maternal 
disease, fetal tflalnutrition, RDS and infections could 
diminiih the rate by 6.6 per 1000 live births (161). The 
neonatal period may be the critical risk period, and the 
neonatologist may prove to be most responsible for 
iittproved neonatal ttiottality rates (7), 

imn damage. The association bet-ween Eomplications of 
pregnancy and subsequent motor and intellectual impair- 
inent of the Aild has been made in nutncrous investlga. 
tioni, and it has been estimated that lO per cent of mental 
Tfitardation is attributable to avoidable antenatal and 
wly postnatal complications (15,162). Hypoxia is a 
major cause of antepartum and intiapartum death (29), 
and an esumated 60 per cent of cercbrally-impaired 
children have undergone a phase of hypoxia and acidoais 
(23,50,84,163), Estperimental brain damage in monkeys 
has been attributed to hypojela (164). Investigaton rec- 
©gnize that a study with long-term follow-up of infants 
U necesaary to demonstrate this benefit (20,35,62), but 
many seem to agree with QuiUigan (1), He arguod that 
such a study would be very difficult to do, would take at 
least 1500 births and 7 to 10 years follow-up to achieve 
95 percent confidence limits, and then the results would 
be questionable because of lack of good outcome measuin-? 
lot the child, Quilligan and Paul estimated that 44,0ft'= 
iffentally retarded infants are bom each year, with about 
half of the severely retarded individuals having caustive 
factors aisociated with deUwry. As a result, they estimate 
that universal EFM could save $2 billion a year in care 
for the handicapped (164). 

However, these assumptions have been seriously ques- 
tioned (2^,44,142.163). Cerebral palsy or brain dama|e 
j} usually related to prepaitum or other events, not 
intrapartum asphywa (8,166). Several British at-risk 
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regUters havt been unable to deitiOifinTate seqiielaa of 
hypoxia birth (29) . In addition^ the in monkeys 

produced by intrapartuni hypoxia ara not limilar to these 
of cerebral palsy (29). Priniate work d«inonstrates that 
the thieshold severity of aBphpcia raquired to produce 
hmin injury is so close to that which cauies fetal death 
that fatal aiphy^tia usually either leads to no apparent 
nenrolog-ic lequelaa or causes death oi the fetus (167- 
168). This ^'alUor-nothing'^ effect is luggeatad by ievaral 
authon (8,29^ 168) and ii supported by^ ruonkey studies 
showing no pathologic brain damage 3 to 9 mcnths after 
contra lied asphyxia ( 169 ). Studies of infants who had had 
hypoKaa around the time of birth fourid no diffarenccs 
from £piitri?l groups in physical or inental score at 8 
months to 4 years of age (170471)* 

A collaborative study folbwad HjUS children from 
birth aad eKaminad them at one yaar of age. Only 1.9 
per cent had a definita neurologic abnomality. Of those 
%vith a S^minute Apgar score cf 3 or Im, a finding con- 
sidered to indicata severe deprassion of the iiifantj oiiiy 
7.4 per cent had a definite neurologic abnorniaHty at 
one yaar (64). In another studyj 15 children ^vho had 
iiad 1-ialnutc Apgar ^ceros of ^3 at birth wr^ eKamined 
on the average of 22.4 rtionths after birth. fCeurologic 
eKamiita-tion^ were norrtial in 10^ two were borderline 
iibnomalj md three were abnomial (Il72). The three 
abhormal ehiidren aha had had intrauterina growth 
Tetardataon. The authors cQncIuded thiat the prognosis 
for aiphyKiated infants is good. Thuii, naurglogic ab- 
iiormality is an uncommon sequela to lab^r and delivaryj 
even ^vhen the baby is dcpresied at birth- Theie studiai 
also poimt to low birth vyeight as the inip^rtant indicator 
of low motm and a possible confounding variable in the 
learch for causaa of cerebral paliy, 

Thonnson et al compared 31 children w^th severe birth 
aiphysiia C ApSW at 1 !uinut& equal to zm% or at 5 min- 
utes a score of <4) vs?ith 31 normal coiitrols matched 
for sex, bir^ weight, gestational age^ and iocial class, 
and connpleted neurologic and psychologic follow-up at 
5 to 10 yemri of age (173), Dafinite neurologic abnormal- 
ties were found in three caies, although one of these 
had iatiifaCEory ichool performance despite bilateral 
deafness. There were no significant diflerencas between 
cmses and controli in nuniberi of childreii %vith borderline 
neurologic abnorrnalities, psycholinfui&tic quotient and 
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abilities, and Bender^Gestalt (although cases showed 
better than average performance mora frequently). The 
preseniCa of a neurQlogic abnormality seemed to be re- 
lated only to time required for the infant to obtain 
spontaneous respiration and to abnormal behavior in the 
pDBtnatal period. There vm no assodatlon wUli birth 
weight J gastational age, social clasSj duration of fetal 
distress^ Apgar scores and cardiac arrest. 

Two other controlled studies, following mature infants 
cor a year In one and 2-5 ytars in the other, measured 
'Several physical, psychological, neurologic, and behavioral 
characteristics. Neither showed significant long-term in> 
pact of intmpartunri fetal asphyxia 65,174). Such results 
suggest that if the asphyxia of a niature fetus is not 
severe enough to cause noticeable cerebral injury and 
residual disability, then more subtle rhanges will not be 
manifested. Indeed, EFM may lead to rescue of the 
seriously ill infant with cerebral palsy or severe anornalics 
(8), and result In prolonged hospitalization before an 
mevitahia early death. 



Summary 



The evidence for benefit from EFM is contradictory and 
coxifined to a small decrease in mortarity among high-risk 
patients, particularly low birth weight patients. However, 
EFM with OF without FSB sampling has been compared 
to ciui^uflatiuii iii uuiy iuui — - 

that auscultation is of some benefit, it must be considered 
a itrong possibility that EFM is no better than auscMlta' 
tlon. Indeed, Goodlin and Haesilein have concluded that 
in a welUicreened, healthy population, EFM adds little 
e:^cept to increase the CSR (8). 

Maternal outcomes. In physical terms, EFM is of no 
beneat to the mother. Maternal mortality is very low, and 
instead of reducing risk, EFM increases risk to the mother 
(see below). EFM can, however, be of psychological 
benefit to some patients (see below). 

Fhml risk froni EFM, The nnost immediate risk to the 
infant from EFM is laceration by either the electrode 
(21,84,175-176) or by the knife that punctures the scalp 
(177) /if amniotomy is done for intern£il monitoring, a 
prolapsed cord can result (17). Hemorrhage occurs in 
about Om of cases (4, 13,71,84,178^179), and has been 
reported as arterial on one occasion (180). Scalp ao= 
ice^sci are fairly common, occurring in about 0.1 to 4,5 
per cent (4,97,178,181-187), Severe sequelae include 
rectal^vaginal laceration (188), fatal hemorrhage (189), 
subgaleaf abscess (190), osteomyelitis of the skull (191- 
192 h gonococcal abscess (193-194), perskten bacteremia 
(195) and fatal bacterial and herpetic sepsis (196-197). 

It is unknown whether or not ultrasound has long temi 
effects, although clinical opinion and limited eKperimental 
evidence (198499) suggest that it is of no risk to the 
mother or infant at currently used levels. Indeed, expen^ 
ments have shown no evidence of chromosomal damage 
(200-201), or of changes in the EEG of newborns (202) 
after ultrasound aKposure. The fond and Dmf Admin^ 
istratim is currently unwilling to say that ultrasound is 
without risk, and is initiating long-term follow-up studies 
of children as a first step to determine whether ultra- 
sound i.^ safe ftor the fetus (203). 

Several clinical (95,163,204-205) and basic researcn 
(206-208) studies indicate that there are physiologic 
difFerences between babies delivered by cesarean section 



and those delivered vaginally. The short- and long-term 
implications of such differences are less evident, although 
delivered by cesarean section have a greater risk of 
morbidity and mortality (205). 

The risks to the infant as a result of cesarean lection 
center on RDS and hyaline membrane disease (HMD) 
(138,209-211). RDS is most common before 36 weeks 
of gestation, but occurs more frequently among babies 
delivered abdominally^ even when controlling for gesta- 
tional age (211), Some investigators feel that the bulk 
of RDS related to cesarean section is composed of the 
benign syndrome^ transient tachypnea of the newborn 
(212). Others point out that if the fetal lung is mature, 
as determined by tests such as the L/S ratio, there will 
be no RDS ( 14,213=212) , although other factors may be 
involved (215) . Neither of these issues has been cariiully 
studied by IICT, so the association of RDS and cesarean 
section must continue to be a concern. Certainly, in the 
emergent setting of fetal distress, L/S ratios become less 
useful in the decision-making equation. 

Separation of mother and infant may interfere with 
bonding and later maternal behavior (216). EFM does 
not directly inieriere with bonding, aUhough the niech- 
anized approach to birth md the separation engendered 
by the increased maternal inorbidity fQllQwing aurger/ 
may interfere. Inhere has been at least one study suggest- 
ing an increase in child abuse among children following 
early postpartum separation (217). 

Maternal risk from EFM. Mortality and morbidity are 
higher among women undergoing EFM, Lacerations of 
the mother or the placenta from the electrodes can occur 
(84,218), and uterine perforations from the catheter have 
been reported (21^219-220) . Cesarean section is associated 
with a maternal mortality rate 3 to 30 times that found 
among vaginally delivered rnothers (221-224), Of course, 
women who are delivered abdominally often have inde- 
pendent risk factors that contribute to or cause death. 
The individiual contribution of mode of delivery has not 
been specified, but a study done in Rhode Island indi- 
cated that four of the nine deaths reported in aisociation 
with cesarean section could be attributed to the method 
of delivery (224). 

Cesarean section also leads to morbidity and mortality 
(223,225-231) associated with anesthesia (232-233), 
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anesthatic psychosis (234-235) , uriimiy tract infection 
secondary to foley catheters, opurativc trauiiia to other 
organs {236) , supine hypotension (237-238), pulnionary 
embolus (239), sepsis (240), wound healing, hornin, 
bowei obscriiciionj hcrnorrhagej re.spiratory infecuun. arid 
pneumonia. In addition^ in the United States the opera^ 
lion usually assures a second opera t ion if another pie^^ 
.nancy occurs (128). Finally, there is an increase in Iom- 
birth weight babies subf^equent to cesarean section (lf)7). 

Both EFM aiicl cesarean section increase the risk of 
maternal infection (55,109,118, 219. 242^248), although 
the independent effect of BFNt has not been adequately 
describcci (243,247), For cKanipIe, <]ibhs found that 87 
of 132 wonien monitored internally with rnpturud lueiti^ 
branes had intrauterine infection (243). Bactereruia has 
been associated with both EFM and cesarean section 
(249), In anothrr suidy women with EFM and cesarean 
section had a rate of uterine infection of 40,4 per cent; 
those with only a cesarean section had a rate of 20.4 
per cent; those with EFM vaginal deliveries had a rate of 
2,7 per cent: and women without EFM who delivered 
llv hjiH ,q nitR nf 1 4 nor rent ( tflO^, Hayen rnnnrtpcl 
a 33,5 per cent overall rate of febrile inorbidity v^ith 
ceBorean sectioni varvirig froni 17 jjer cent in those vvith 
no labor and no EFM to 32.9 per cent in those with 
labor but no EFM to 54.4 per cent in those who had 
EFM labor prior to ccmrean section (246), The rate of 
infection increases the longer EFM continuus (244,2451, 

The increase in febrile niorbidity has led to another 
situation which CDrnplicates the issue of maternal and 
child care during and following delivery. There is indi- 
cation that rates of febrile morbidity are lowered by 
antibiotic prophylaxis (250-258). This places the rnothcr 
at risk of antibiotic side effects, fosters the growth of 
resistant organisms^ and complicates care of the newborii. 



Maternal reactions to EFM. In the inedical literature 
maternal reactions are usually expressed through the 
obstetrician (51), Some physicians and nurses state tl^at 
mothers should be taught to accept EFM (161^259). 
EFM can cause mixicly (Sl)^ but iiiuiiy woiiieU siiffer 
anxiety during labor, and EFM properly e?<plained to the 
patient may reduce maternal concarn (120). Sonie 
women complain of discomfort with the elcctrcidej but 
overall acceptance has been good (260). Exlarfial EFM 
is more acceptable than internal EFM^ especially for pre- 
pared childbirth patients (15)^ aUhough even eKternal 
EFM interferes with LarTia^e techniques (261), 

Replacing nuiising care with electronic devices coukl 
he excpected to produce negative reactions, Haverkamp 
et al noted: "Very close physical contact with the patient 
\vas necessary for the nurse to auscuhate fetal heart tonei 
adeciuately. This was not true to the sanie degree with 
the inonitored group. Nursing attention to the gravida 
with f aspect to maternal coin fort, emotional support^ and 
"laying on of hands' could have a sigruficani iifipaci on 
the fetus. , . . The authors have the iinpression that the 
n'M^mirini? n^vrlinlosirnl ntniosnhprc* crnnfed bv lier.^onal 
nurse interaction and the absence of the recording ma- 
chine in niisrulated patientH contri bitted to i]m eKCf^lje^nt 
infant outcome in auscultated patients'' (1 18), Indcedj 
a gro%ving uiinority of wonien are deinandirig delivery 
vvithout interference anci are turning to inidwives and 
home delivery to find such human support (9). 

Only two groups have systematical ly approuched tlic 
question of patient acceptance. In 1970j Koax m\ al 
reported that 23 per cent of patients espcricriced iriajor 
discomfort, 24 per cent were frightened of the oquipnieTit 
and Dbjected to the OKCcssive pain, and there were cliffi" 
culties in 50 per cent because of lechnicol prnblenn.^ or 
lack of cooperation. On the other handj 92 per cent lik^d 
the medical and pamniedical support associated nvith 
EFM, Fourteen per cent said that they would not be 
electrically monitored again (84). 

The second study which consisted of structured iiiter' 
views with 25 women found that 14 have overall posiu^vc 
responses to EFM monitoring^ and 10 had rnixed cf 
negative responses (202). Women with a problem in a 
previous pregnancy were more positive. The positKe 
group stressed the comfort and protecticris relieved 
anxiety, and the electronic monitor as an aid Jn coni- 
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munication, husband-wife interactions, and "miistcry." 
The negtaive group developcci competitive feulmp to- 
ward the electronic monitor, found it a source of dis- 
comfort, annoyance, anxiety, and fear. Women %vho liad 
had prior uncoinjJinjineu muuts uhm ..v^...., 
especially tended to resent the mechaniMtion (263) . 

A negative maternal reaction could have an advursc 
cfrect on the fetus. Monkey studies suggest catfcholanune 
release provoked by maternal stress leads to bradycardui 
and hypotension in the fetus, subsequently causing epi- 
sodic aggravation of underlying fetal asphysia (264) . 
The physiologic response to maternal anxiety couUl, for 
exatTiple, explain the higher rate of abnormal FHR 
patterns during early labor in the EFM patients in the 
first Colorado RCT. 
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The future of iFM 



Costs of EPM 



Improvaments in EFMj both in technique and interpret 
tationj are possible. One may soon be able to use telemetry 
to reliably record the fetal EGG from the mother's abdom^ 
en, obviating the need for direct electrodes (5,265), If not, 
fetal scalp electrodes can be improved (24). Improved 
Doppler ultrasQund may make external monitoring more 
reliable (265). Better indirect methods for monitoring 
uterine contractions are being developed (267). 

A. great deal of v/ork is being done to improve inter- 
pretation of FHR tracings. Improving display and alarm 
systems will be helpful (24,198,268^269), and curves 
generated by the EFM are being studied to gain a better 
understanding of them (270-272). These studies can be 
usecl to develop computar interpretation of the tracings, 
which is already approxitnatcly as accurate as a trained 
expert (273-277). Continuous pH monitoring with glass 
electrodes may become routine (28j455278479). Remote 
monitoring by telemetry is becoming more and more 
reiiable and would allow more free movement by the 
woman in labor (24,27,267,280^282). 

Finally, a variety of other methods of monitoring have 
been suggested as having promise. These include moni- 
torinp' fetal arousal (158,283), fiftal movements (272. 
284-285), fetal respiration (35,286^288), and fetal EEC 
(274,289-290). It has also been suggested that monitor- 
ing all of pregnancy is necessary (28) ^ or that fetal blood 
testing before labor might be useful (267), On the 
maternal side, monitoring decidual or endometrial blood 
flow has been suggested (291), Uterine hypoperfusion 
is another potential indicator of fetal distress (292). 



The costs of EFM may be estimated by examining both 
direct and indirect costs (Table 3), The direct costs are 
the medical care costs of delivering EFM services them- 
selves. Thu indirect costs are those of complications affect- 
ing either mother or ciiild from EFM, including the addi- 
tional medical care costs froni associated cesarean section* 
As discussed praviously, some newborns and mothers die 
after EFM and delivery. In addition, morbidity results 
froni such conditions as scalp abscess and RDS in the 
infant and pelvic infection in the mother. 

In estimating the direct costs of EFM, it is assumed 
that one half of the 3.2 million deliveries per year are 
electronically monitoredj and that the use of EFM adds 
$50 to the cost of each delivery, Direct costs independent 
of FSB .sanipling had previously been estimated at $33.50 
(164). 

The number of cesarean sections done in the United 
States has risen from 160,000 in 1965 to 353,000 in 1975, 
an increase of 193,000 (105). Based on the RCTs, half 
of these additional cesarean sesctionSj Or 96,5005 can be 
attributed to EFM, The additional cost if a cesarean 
section is done instead of a normal delivery has been 
estimated rn be $2300. 

If 1.6 fTiillion deliveries were electrically monitored, an 
incidence of scalp abscesi of 0.5 per cent would result in 
85OOO abscesses, A scalp abscess requires 10 days of hos- 
pitalization for the infant (186), or an additional 7 days. 
It is estiniated that the hospitalization of a newborn 
costs $100 a day; the cost of physician services, antibioticij 
and BO forth is disregarded. 

The incidence of RDS in cesarean sections is about 
5 per cent, so 4825 cases would result from 9655OO 
operations. However, about 1255 cases wQuId have re- 
sulted frpm vaginal delivery (211)j so 3570 cases ^n be 
attributed to EFM. It costi between $2700 and $3400 
to treat a case of RDSj whether the infant dies or not 
(209-210). A figure of $3000 per case is used in this 
analysis. 

The incidence of death from RDS is L3 per cent 
(1 29) J so 96j500 cesarean sections would result in 1255 
deaths, If one assumes that 20 per cent of the 1255 cases 
calculated above would have died in any case followirig 
vaginal delivery (211 )j lOOO deaths can be attributed 
to EFM. A cost can be put on these deaths by using the 
present value of lifetime earnings approachj discounting 
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at 10 per cent. The value of Hfctinie earnings for n 
male under the agt* of one yuar is $37^659 and fr?r a 
female $29,802 (292) , It m aminied that the deaths are 
half male and half fcttiale. 

Asignificantanimint of morbidity resultH from cesarean 
i^euUuct, Relailvtuy MliCOUimOn compllcrttiOiK* Luch as h"^- 
riiation, tlirombophlubitis, and so forth have not been 
projticted. However, the rate of maternal infection 
quite high (40 percent) and reBults in an average of 
six additional days of hospitalimtion (294), Using $190 
a day as the cost of the hospital beds and ignoring physi« 
cian and drug costs (295), this morbid event com $44 
million a year. 

Three per cent of vaginally delivered women who nre 
electronically monitored beconie infected (109) about 
double the rate in vaginal deliveries without EFM> An 
additional 19,500 infections result from 1,5 million EFM 
delivaries. This groiip slays an estiniated three additional 
days in the hospital at a cost of $1 hi nilllion, again din^ 
regarding the cost of physician servicus atid drugs. 

The maternal rnortalityattribu table to cesarean section 
is 34 per 10,000 (224). Thus, 30 deaths result from 
96,500 cesarean sections. Using the present value of life^ 
time earnings approach, assuming that thene women aru 
age 30-34, and usinS a 10 per cent discount rate, the 
cost of these deaths is $1 14,057 each (293) , 

The estiniate of total cost of $411 million per year 
conipares to .?80 rnillion spent annually for all public 
and private childhcod immunimtion programs (A. Huv 
nian, personal coininu ni cation ) . 

Although evicJencc that EFM prevents mental retarda- 
tion U lacking, this contention cannot be completely 
ignored. At the sania time, one cannot dismiss the possi'^ 
bility that EFM keeps alive infants destined to live with 
intellectual handicaps v^lio might otherwise have died. 
Because the data are not available to allow an accurate 
estimate of the cost or benefit to society of EFM with 
regard to mental retardationj such estimates have not 
been includad in the cost analysis of EFM, Nonetheless, 
increases or dacreascs in the number of mentally retarded 
children born could have a profound effect on the caU 
eulations presaated in this section. 



Severe mentnl retardation has been estimated to cost 
society approKimately $250,000 during the lifetime of 
each afTected individual ; ttiilder handicaps cost an esti-- 
mated $30,000 per patient (164). If 1 per cent of live^ 
born children sufrer measurable mental retardation, 30,- 
nnn ^nrh infants will hr* born in this country each year, 
half of thern with severe impairments. The cost to society 
of these infantH Is then a little inore than $4 billion over 
their lifetirnes, (These calculations were done in 1974, 
so inflation svould make them considerably higher now). 
It has been estiniated that up to one-half of mental' re- 
tardation ca!i be eliminated if serious Intrapartuin as- 
physia is detected, immediate delivery is successfully un- 
dertaken, an appropriate post-partum resuscitation and 
care is eniployed (164), Tliis would save society about 
$2 billion over the lifetiine of those handicapped indi- 
s'iduals. On the other hand, an increase of 50 per cent 
of those with mental retardation would cost about $2 
billion for those individuals. Without further study, the 
effect of EFM on the costs of mental rutardation to the 
society cannot be estiinated. 
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Conalusions 



EFM was devaloped to prevent daniage to the fatuSj 
especially from asphyxiaj during labor and delivery. Eiti- 
pirical work has demonitrated that it is possible to record 
accurately the FHR either by ultrasound or by direct 
ECG-monitoring, In receut yettrsj FSB pH saitiplitig by 
puncture of the fetal scalp has become part of the inoni- 
toring procedure. Auscultation of the fetal heart has been 
replaced by interpretation of patterns in the electronically- 
recorded FHR. The obstetric literature reflects the com- 
monly held belief in medicine that more inforrriation 
will lead to a better outcome. The technical advances 
required and the denionstration that reliable recording 
could be done seems to have blinded most observers to 
the fact that this additional inforniation will not neces- 
sarily produce better outcomes. Nonetheless, many ob- 
stetricians justify the procedure because they believe it 
to be a reliable indicator of normality. 

Careful review of the literature indicates little increased 
benefit from EFM coni pared to auscultation. This is not 
surprising, given the lack of precision of EFM for the 
diagnosis of fetal distress, and the general difficulty in 
sppRfating normal fetal tiU^m during labor from fetal 
distress. If EFM has benefit, it appears to be for low 
birth weight infantSj but no RGT of its use in this group 
has been carried out. 

The risk from EFM is substantial, espedally but not 
wholly through the increased CSR that its use apparently 
engenders. We estimate the addition to the annual cost 
of childbirth to be $411 million if 50 per cent of deliv- 
eries are uioniiored electrDnically. 

Because of these risks and costSj a few signs of dissent 
have appeared (8,14i29s296) . Hohe, for eKarnplej takes 
the cautious view eKprcsscd by his own patients in conv 
plicatlonSj and it is unfair to subject all patients to the 
routine use of EFM (9). In light of the increasing con- 
cern with the costs of medical care, all of society, es- 
pecially the medical profession, must be concerned with 
the widespread use of an expensive technology such as 
EFM in the absence of scientific evidence as to its benefits. 
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~Fiil5^nogativOBf%} FbIbb poslihms (%} SBHsltivltV {%} 



d, Fllshle, @t ai. (19^1) (50) 
minut© Apgar <7, pH <7.25 . . 

a, at aL (1970) (79) 
ar.^ mlnutB Apgar, pH <7,20 ...... 

' art (1969) (80) 
minute Apgar <7, pH <7.25 

a Rama and Merkatz (1970) (78) 
m minute Apgar <7, pH <7.20 . . 

Khazin. and Paul (1969) (81) 
m-' minute Apgar <7, pH ^7.2 , . . 
minute Apgar <7 

)ii (1968) m) 
f minute Apgar <7» pH <7 20 , . 

od. ©t al. (1967) (54) 
* . minute Apgar <7, pH <7.20 . , 



279 

355 

29S 

208 

214 
214 

78 

118 



19.1 

13.9 

23.6 

9*0 

15.4 
5.6 

10.2 

47.4 



42.1 

30.3 

42.2 

56.7 

69.2 
84.6 

55J 

21.7 



32.4 

62.6 

30.6 

44.8 

39.0 
47.1 

57.1 

28.6 



92.4 

89.4 

90.1 

90,5 

79.2 
77.7 

84.1 

90.9 



In many atudia. have b.an ra.^lcu.eted beo.uB. .1 o.m.m oi fil.a P.siUv.s and falae n.gil.v.s. 



ble a Predletlvt viluei of a dlagnosllG till over a rangt 
^'^ 5f lonsHivltles and speeiflelliii when actual prtvilenee 
of a eondlllon variei from 1 to 5 per eint. 



Ssnsltlvlty 



Predlcilvs PrsdlstlvB 
VsluB Va/yi 



?onatal Mortaiity 

1) 10/1000 

2) 20/1 OOP 

3) 20/1000 

4) 20/1000 

bnormai 5" Apgar 
Score 

5) 50/1000 



80 


90 


99.8 


7.5 


SO 


90 


99.6 


3,9 


80 


80 


90.5 


7.6 


80 


90 


99.5 


14.0 


95 


95 


99.7 


50.0 



Table 3. Estimated financial osst of fetal monltoflng, 
1977^1978, United Statat, 



Direot Cost of Monitoring 

Direet Cost of Cfiiarian Sectioni 

indirect Costa of Fetal Monltorlng'-^Neenatal 
Neonatai Morbidity 

Scaip AbiCeis 

Respiratory Distresi Syndrome ......... 

Neonatal Mortality ^ * 

Indirect Coits of Fetal Monitoring— Maternal 

Maternal Morbidity 
Ganerai Morbidity from Cesarean Sectien 
Matarnal Infection from Ceiarean Seetlon 
Maternal Inf&atlon from Fetal Monitoring . 

Maternal Mortility . . . . . , . ^ . - ■ * ^ ^ ■ ^ * ^ - * ^ ^ 



$80 miillon 
$222 million 



$5.6 miillon 
$10.7 million 
$34.2 miillon 



$44 million 

$11,1 million 

$3.4 million 

$411 million 
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